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Cavitation is a process where the viscous terms in a relativistic fluid result in reducing the effec- 
tive pressure, thus facilitating the nucleation of bubbles of a stable phase. The effect is particularly 
pronounced in the vicinity of the (weak) first-order phase transition. We use the holographic cor- 
respondence to study cavitation in strongly coupled planar cascading gauge theory plasma close to 
confinement phase transition. While in this particular model the shift of the deconfinement temper- 
ature due to cavitation does not exceed 5%, we speculate that cavitation might be important near 
the QCD critical point. 
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Introduction. — Hydrodynamics is a universal framework 
to describe strongly coupled systems at energy scales 
much lower than their characteristic microscopic scales 
(masses, temperature, etc). The basic hydrodynamic 
equation is that of the conservation of the stress-energy 
tensor 



It is easy to see that viscous terms tend to reduce the 
pressure For example, for fluids comoving in an ex- 
panding background such as an FRW metric, 

ds 2 = -dt 2 + a(t) 2 (dx) 2 , (7) 

we find 



v^r" = o . 



(1) 



For an ideal relativistic fluid the stress-energy tensor 
takes the form 



(2) 



where £ and V are the energy density and pressure, 

A' 1 " = g» v + u^u" , 

and u M is the fluid four- velocity, normalized so that 
u^u^ = — 1. The leading viscous corrections are pa- 
rameterized by the fluid shear r\ and bulk £ transport 
coefficients in the viscous tensor IF 1 ": 



IF 1 " = -77 a" v - C V« A"" , 
where Vu = V Q u a , and we have adopted 



a u,v _ ( A ^ A V A u" + A" a V a m ai ) - - Vu A^" 
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(3) 
(4) 

(5) 



Assuming that the relevant microscopic scale is the tem- 
perature, leading hydrodynamic approximation is valid 
provided 



T 



« 1 



(G) 



otherwise, higher-order gradients (typically infinitely 
many of them) must be included [l|-|3| . 



I FRW 



0, 



Hfrw = 3 : 



resulting in an isotropic effective pressure 
V cS = V - ( Vu . 



(8) 



(9) 



In the case of a boost invariant fluid expansion, the pres- 
sure is no longer isotropic [2): 



V 



V'i 



V 



477 + 3C 



(10) 



3r 1 ' 4 3r 
where ± and j are the transverse and longitudinal di- 
rections of the boost invariant expansion 1 , and r is the 
proper time. Notice that in this case the spatially aver- 
aged pressure, (§-P]_ + 3^) still takes the form In 
what follows, we take the trace-averaged form Q as a 
generic expression for the effective pressure. 

Consider now a system which, in thermal equilibrium, 
can exist in one of the two phases A or B. A first-order 
phase transition between these phases implies the exis- 
tence of a critical temperature T c , such that Va > Tb 
for T > T c , and Va < Vb otherwise. The phase with 
the higher pressure is thermodynamically favored, and 
the transition at T = T c proceeds through nucleation of 
bubbles of a stable phase. If the system flows, the rele- 
vant pressure determining the stability of a phase is the 
effective one: 



Vf /B = V A /B-C,A/B Vu. 



(11) 



1 Such expansion is conveniently described changing variables from 
(t, z) to (r, 5): t = Vt 2 - z 2 , ^ = arctanhf . 
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Close 2 to T c , 

Va/b =V c + S a /b (T - T c ) + O ((T - T c f) , (12) 

where Sa/b are the entropy densities of the correspond- 
ing phases. Thus, viscous hydrodynamics effects would 
shift the transition temperature according to 



\ST C 



\(a-(b\ \Vu\ 



\S A -S B \ T c 



< 



ICa-CbI 

\S a -S b \ 



(13) 



where the upper bound is enforced from the consistency 
of truncating hydrodynamics at the first order in the ve- 
locity gradients, see (j6]). Notice that cavitation affects 
the transition temperature the more weakly the first- 
order transition is (the smaller the difference between 
Sa/b is) i an d the larger the bulk viscosity difference of 
the two phases at T c is. 

Ideally, we would like to evaluate (|13|) for QCD close to 
confincmcnt/dcconfinement transition. While the recent 
lattice results provide a reliable equation of state 3 
rather than doing it from first principles, one has to rely 
on various models to evaluate transport coefficients of 
gauge theory plasma at strong coupling (6l-ll0l|. In what 
follows we present the first self-consistent estimate of (fT3|) 
for a strongly coupled gauge theory plasma. 

Cascading gauge theory. — Consider [llj M = 1 four- 
dimensional supersymmetric SU(K + P) x SU(K) gauge 
theory with two chiral superfields A\ , A2 in the (K + 
P,K) representation, and two fields B\,Bi in the 
(K + P, K). This gauge theory has two gauge couplings 
51,52 associated with two gauge group factors, and a 
quartic superpotential 



W ~ tr (AiBjAkBt) e lk e 



ik jl 



(14) 



The theory is not conformal, and develops a strong cou- 
pling scale A through dimensional transmutation of the 
gauge couplings. In the UV/IR it undergoes the cascade 
of Seiberg pjj dualities with K — > K±P. The net result 
of the duality cascade is that the rank K of the theory 
becomes dependent on the scale E at which the theory 
is probed [13|: 



K -> K cS (E) « 2P 2 ln 



E 
A 



E > A. 



(15) 



While not QCD, the theory shares some of the IR fea- 
tures of the latter: when K is an integer multiple of P, 
the cascade ends in the IR with SU(P) supersymmet- 
ric Yang-Mills theory which confines with spontaneous 
breaking of the chiral symmetry. Cascading gauge the- 
ory is always strongly coupled in the UV. In the planar 



2 We use the first law of thermodynamics dT = —dV - 

3 At least at vanishing baryon chemical potential. 



-S dT. 




FIG. 1: (Colour online) The ratio of the bulk viscosity £ to 
the entropy density S in cascading gauge theory plasma (solid 
curve) and the bulk viscosity bound |J (dashed). The dashed 
vertical line denote the critical temperature T c of the confine- 
ment /deconflnement phase transition. 



limit and for large 't Hooft coupling of the IR SU (p) fac- 
tor, the theory is strongly coupled along its full RG flow, 
and thus can be studies using its holographic dual [llj ]. 
We focus on the cascading gauge theory in the regime 
where the holographic description is reliable. 

Thermodynamics of the cascading gauge th eory 
plasma has been studied extensively in the past [14l4l6| : 
cascading gauge theory plasma simultaneously undergoes 
(first-order) confinement and the chiral symmetry break- 
ing at T c = 0.6141111(3)A; at a slightly lower tempera- 
ture T xs b = 0.882503(0)T C the deconfined phase becomes 
unstable towards spontaneous development of a chiral 
condensate, finally, at T u — 0.8749(0)T C , the deconfined 
phase of the theory ap pro aches a critical point with a 
divergent specific heat [10(. The shear viscosity of the 
lasma is universal for all phases and at all temperatures 



plat 
.17] 



1 
S 



1 

47T 



(16) 



The bulk viscosity of the theory is technically difficult 
to compute — so far it is known only to the fourth order 
in the high temperature expansion, (ha?) 15], which 



is not enough to determine its value at the critical point 
T c . We use Eling-Oz formula .19] to compute bulk 
viscosity of the deconfined phase of the cascading gauge 
theory over all temperature range. The results are pre- 
sented in Fig. [TJ We find 



0.04(8) . 



(17) 



T=T C 



Besides, the bulk viscosity bound [9j is respected all 
across the phase transition. 

We can now address the question whether or not cav- 
itation is expected to affect the temperature of the de- 
confinement transition in cascading plasma. Here, the 
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phase A of a fluid is the deconfined phase of the plasma, 
and B is the confined phase. Since in the planar limit 
both the transport coefficients and the entropy density 
are suppressed, we obtain combining (fT3j) and (|17p 

S < |L = 0.04(8). (18) 

Discussion. — In this Letter we asked to which extent 
cavitation in confining gauge theories affects the criti- 
cal temperature of the confinement/deconfmement tran- 
sition. We used the specific example of a cascading gauge 
theory to argue that in the planar limit and at strong 
coupling the effect is small. It is reasonable to expect 
that the result is universal as it reflects the fact that 
large- N phase transitions are typically strong (as oppo- 
site to weak) first-order, and that the bulk viscosity at 
the critical point remains finite. Some phenomenological 
models suggest [U that QCD bulk viscosity might di- 
verge at the critical point of the T — fig phase diagram. 
Since the QCD critical point [2(| separates the line of 
first-order phase transitions (at large chemical potential) 
from crossovers (at low chemical potential), both of these 
effects tend to increase \ST C \/T C . 
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